Since their early descriptions over two decades ago, percutaneously inserted central catheters (PICCs) have become a mainstay in neonatal intensive care units for long-term venous access to deliver parenteral nutrition and medications.
1,2 These fine-gauge Silastic (Vygon ECC Catheters, Vygon, East Rutherford, NJ) or polyurethane catheters are threaded into a central position through a peripheral venipuncture and have proven to be an effective, minimally invasive alternative to surgically placed catheters.
For extremely low birth weight (ELBW) infants (birth weight less than 1000 g), hyperalimentation is prolonged and maintaining vascular access is often a necessity for survival. It is also usually more difficult to place these than in more mature newborns. Indeed, due to a growing number of survivors with a birth weight <500 g, the early placement of a PICC is integral to successful management.
Attendant to catheter usage is an associated morbidity, including: vascular compromise, thrombosis, pleural and pericardial effusion, myocardial perforation, vegetations, and fragmentations. 3 -9 Most common of all is the complication of infection.
From 1993 to 1995, the incidence of catheter-related infections (CRIs) in ELBW infants at our institution was 25%, or 15.8 infections per 1000 catheter days. This rate was consistent over 3 years despite changes in dressing materials, and regardless of who placed the PICC. 10 While our infection rate was within an acceptable range given the available reports of comparable populations, we sought to determine whether we could decrease the incidence of CRIs in an effort to reduce the associated morbidity and mortality with these infections by establishing a PICC maintenance team.
METHODS
We did a prospective collection and analysis of catheter-related sepsis data over a 15-month period from February 1, 1998 through May 1, 1999. Eligible patients included all neonates weighing <1000 g at birth.
All patients in this study were followed at the University Medical Center at Stony Brook, NY, a level 3 neonatal intensive care facility. The study was reviewed and exempted by the IRB.
Over 500 ELBW infants were admitted to our nursery between 1992 and 1998. Survival to discharge in our neonatal intensive care unit of ELBW infants has been increasing over the last years, and now
OBJECTIVE:
Extremely low birth weight ( ELBW ) infants often acquire catheter -related infections ( CRIs ) when a percutaneously inserted central catheter ( PICC ) is used for parenteral nutrition or drug administration. Our objective was to compare the incidence of CRIs after we established a ''PICC Maintenance Team'' for the proactive management -compared to expectant management -of these lines.
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incorporates those viable infants with a birth weight <500 g. With a survival rate of 72.5% in 1998, these statistics compare well with other centers.
DEFINITIONS
For the purpose of this study, we strictly defined CRI as clinical deterioration and a positive blood culture requiring antibiotics where a PICC has been in place at least 24 hours, or within 24 hours of PICC removal. Strategies for clinical management of ventilators, fluids, and definitions of sepsis have been previously described. 11 We defined ''culture negative CRI'' as clinical deterioration resulting in antibiotic administration for 7 days or greater beginning 24 hours after PICC placement or within 24 hours of PICC removal. Similar to our definition of CRI, this is broad and includes incidences of prolonged antibiotic administration secondary to pneumonia, necrotizing enterocolitis, and other ''non-catheter'' infections.
PICC TEAM
In 1998, we established a ''PICC Maintenance Team'' consisting of a fellow and two nurse practitioners. This three-person team took a proactive approach to placement involving daily monitoring, with authority for removal or replacement of catheters. The same technique was applied during PICC insertion and dressing changes and the same criteria were used for PICC removal. Patients were assessed before catheter placement for both need (likely to require intravenous access for greater than a week) and for freedom from infection (non-suspicious CBC, no clinical evidence of infection). Catheter dressings were also inspected on a daily basis, and replaced using standardized technique before disruption of sterility if dressing integrity was becoming compromised.
PICC Insertion Protocol
We used two types of catheters during the study period -Silastic catheters, available in a 23-gauge size, and polyurethane catheters, available in both 23 and 27 gauges (Vygon Nutriline and Vygon PremiCath, Vygon). In the early series, Silastic catheters (Vygon ECC catheters) were used exclusively. Catheters were introduced aseptically, including the use of sterile gowns, caps, and masks during placement. Steri-strips (3M Healthcare, St. Paul, MN) were used to secure the catheters, and insertion sites were covered with a transparent adhesive Tegaderm (3M Healthcare) dressing. This general method of insertion did not change from the early series. Catheters were adjusted so that the tip was placed in the Superior Vena Cava (SVC) or Inferior Vena Cava (IVC), but outside of the right atrium. There was no routine replacement of dressingsrather, they were changed when the edges began to loosen or integrity was otherwise compromised. Nursing staff was permitted to use the catheters to deliver both parenteral nutrition and medications (but not blood products), using a stopcock-attached in-line in the same manner as a peripheral venous catheter. Catheter removal was planned for when infants were tolerating full PO feedings, or if a prolonged intravenous medication course was completed.
Our threshold to remove a PICC was lower than in previous years (1993 to 1995). In addition to removals because of suspected or true infection, or because the PICC was no longer in use, PICC lines were removed for mechanical problems, leakages, or for what we entitled ''proactive'' reasons. ''Proactive'' removals were defined as: (1) replacement, if able, once the catheter was in place for >6 weeks; (2) unexplained rise in WBC count or other unexplained CBC abnormality (with negative blood cultures); (3) three or more repairs to the catheter because of leakage or breakage. In cases of proactive removal, the PICC was reinserted within a day or two after establishing a stable clinical baseline.
Data and Statistical Analysis
SigmaStat for Windows version 2.03 (SPSS, San Rafael, CA) and GB-STAT version 6.5 (Dynamic Microsystems, Silver Spring, MD) were used for data processing and summary statistics. Chi-square and Student's t-test were used when appropriate for categorical variables, and Mann-Whitney Rank Sum test was used to compare the variables when normality test failed.
RESULTS
During the 15-month period (February 1, 1998 through May 1, 1999) of our study, there were 66 ELBW infants admitted to the neonatal intensive care unit. Of these babies, 56 survived the first week of life where 47 patients (84%) had 57 PICC catheters placed. None of the patients who did not survive the first week had PICCs placed. This information was compared to patients followed from 1993 to 1995, using similar definitions. 10 From 1998 through 1999, our CRI rate in ELBW infants dropped from 25% to 7.1%. This corresponds to a drop in rate from 15.8 infections per 1000 catheter days (1 infection/63 days) to 5.1 infections per 1000 catheter days (1 infection/194 days).
Compared with the data collected retrospectively from 1993 to 1995, populations were comparable in demographic characteristics. The average gestational age in both groups was 26 weeks. The 
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''Proactive'' Management of PICCs average birth weight and weight at insertion was lower in the latter group, and the difference in birth weight was found to be statistically significant. Indwell time was the same in both groups at 14 days (see Table 1 ).
When comparing the population of infants who developed CRIs, there was no difference in their gestational age. However, the difference between the two groups in ''birth weight'' and ''weight at insertion'' was statistically significant (p<0.05). For patients developing CRIs, the two groups of patients also had similar catheter dwell times (see Table 2 ).
Between groups, there was no statistical significance in the percentage of catheters removed in a scheduled or unscheduled manner. Approximately half of each group had scheduled catheter removals when a patient reached full feedings or had completed a medication course, and approximately half were removed, unscheduled.
There was, however, a statistical significance in the reasons for unscheduled removal. The majority of PICCs (84%) in the early series were removed for CRIs or suspected infection. In the later group, the majority of removals were for mechanical problems, leakages, or for ''proactive'' reasons (see Table 3 ).
In comparing the two types of catheters used (polyurethane or Silastic), we did not find that the choice of material affected the incidence of CRIs. In addition, we could not find a reliable study of catheters in neonates supporting the greater incidence of infection in one product over another. For ELBW infants, Silastic catheters were used in 38 of 57 cases and had an infection rate of 7.9% or 5.8 infections per 1000 catheter days. Polyurethane catheters were used in 19 of 57 cases and had an infection rate of 5.2% or 3.9 per 1000 catheter days (see Table 4 ). These rates were not significantly different whether looking at infection rates based on birth weight or based on weight at PICC insertion (data not shown). Other complications were also comparable in the two groups and primarily included occlusion, leakage, and dislodgement. The Vygon polyurethane Premicath catheters had a higher rate of occlusion compared to the other catheters in the later series, likely a function of its smaller calibre. Other than infection, there were no other major complications (pleural effusion, cardiac tamponade, catheter fracture/emboli).
DISCUSSION
The incidence of CRIs has been described as inversely proportional to the size of the neonate with the catheter. 12, 13 Despite the frequent use of PICCs and the common occurrence of related infections in ELBW infants, there are very few published reports citing rates of CRIs in this population.
In this report, we sought to reduce the incidence of PICC sepsis by instituting a PICC team. We found this approach effective in reducing CRIs from 25 to 7.1/1000 catheter days in this ELBW population. This compares well with previous reports and underscores our effectiveness in our approach. This is even more significant as the reported incidence of CRIs varies widely and has been thought to be related to any number of factors, including type of catheter, length of indwell time, ability to keep the catheter ''sterile,'' patient characteristics, and underlying diagnosis. Also, not only are the definitions used to identify CRIs varied, but the method for calculating and reporting these infections is diverse.
14 For example, surprisingly, some of these reports cite incidence of CRIs in neonates at over 20%. 15, 16 Depending on the needs of the protocol, there have been many definitions of CRI described in the literature. These include: a positive blood culture obtained from the catheter; 17 a positive culture with a matching positive tip or hub culture and symptoms of sepsis;
18 -20 a 10-fold greater concentration of organism in the catheter culture compared to the peripheral blood culture. 16 Our definition of PICC sepsis for this study -clinical deterioration and a positive blood culture requiring antibiotics where a PICC has been in place at least 24 hours, or within 24 hours of PICC removal -is broad compared to other definitions, including even those bacteremias from an alternate locus while a PICC is in place. This suggests that our criteria for sepsis are loaded against the basal rate. We chose to use this definition in part because one cannot consistently draw blood out of an indwelling PICC, we often do not pull a catheter to culture the tip at the onset of suspected infection, and because recovery of an organism from the catheter hub has not clearly been shown to reliably predict CRIs. While no reports describe infection rates that include ''culture negative sepsis,'' we looked at events of prolonged antibiotic use while a PICC was in place, because at least some of these events may represent CRIs. Eleven of the 57 catheters in the prospectively reviewed group that were previously reported as ''uninfected'' met this criteria for culture negative CRI, an incidence of 19.3%.
Another interesting issue involves making a distinction between ''birth weight'' and ''weight at catheter insertion.'' We chose our population in the prospective study (patients with a birth weight <1000 g who had a PICC) to mirror the data collected retrospectively from 1993 to 1995. We realized, however, that several ELBW patients, especially those with courses complicated by necrotizing enterocolitis, went on to have catheters placed at 1500 to 2000 g or later. While we report our results based on birth weight, we also looked at occurrence and dates for those catheters placed during the 15-month period in infants weighing less than 1000 g at the time of catheter insertion. The group of infants whose catheters were placed while less than 1000 g had, on average, a lower weight at insertion and a younger postnatal age at insertion. We found the difference between these two groups, however, to be not statistically significant. Because the data from a few larger, older infants are likely to affect the reporting of average weights and ages at catheter insertion, we nevertheless suggest that in future reviews, results should be based on weight at catheter insertion.
Interestingly, within our prospective study group, all of the CRIs occurred in patients weighing <660 g at the time of catheter insertion, who were also younger postnatal age and sicker at the time that infection developed. Among these four events of CRI, two were due to Candida albicans, one to Klebsiella pneumonia, and one to Staphylococcus aureus.
Creation of a PICC maintenance team alone, without standardizing criteria for catheter removal, may have resulted in a decreased rate of infection. We suspect that our PICC maintenance team minimized iatrogenic infections by optimizing sterile technique used for catheter placements and dressing changes by creating ''experts'' within an otherwise qualified group. Taking a proactive approach to catheter removal based on a set of criteria, rather than waiting for either the infant to appear infected or to no longer need the catheter, was the most significant difference from previous management, that may have contributed to the decreased infection rate.
There were only a few patient complications in our study population. There were two events of infiltration of TPN, both into peripheral soft tissues resulting in erythema but no slough. No effusions, fragmentations, or perforations were found (as recently reported in the literature. 21, 22 ) One catheter (in a case of CRI) was associated with an event of septic thrombosis causing injury to an infant's fingers and requiring surgery.
Episodes of sepsis in the newborn will prolong the average length of stay, thus also increasing hospital costs. 20 If we assume the average daily cost in a neonatal intensive care unit to be approximately US$5000.00, and the LOS to be 1 week longer due to an episode of sepsis, the approximate savings obtained when decreasing the incidence of CRIs from 25% to 7.1% would be in the order of US$900,000.00/1000 ELBW infants nationally.
CONCLUSION
We conclude that ''proactive'' management of PICCs, with a PICC maintenance team, compared with customary expectant management, significantly reduced the incidence of CRIs from 25% to 7.1% of catheters placed in ELBW infants, because fewer people with greater acquired skill and acumen were accepted as PICC managers.
We postulate that our PICC maintenance team minimized iatrogenic infections by optimizing sterile technique used for catheter placements and dressing changes, as well as by standardizing the criteria for catheter removal. This latter function of the teamtaking a proactive approach to catheter removal based on a set of criteria, rather than waiting for either the infant to appear infected or to no longer need the catheter -was the most significant contribution to the decreased infection rate.
Additionally noted, however, within our prospective study group, was that CRIs were all found in patients who were smaller, younger, and sicker at the time that infection developed. So, while CRIs are sometimes iatrogenic, we hypothesize and speculate that they are also likely related to the degree of host illness and immaturity of the host defense system.
